Combination antiretroviral regimens containing human immunodeficiency virus (HIV) type 1 protease inhibitors (PIs) provide clinical benefits and can achieve long-term virus suppression with partial reconstitution of the immunologic perturbations associated with HIV
To compare long-term virologic benefits of antiretroviral regimens in persons with advanced human immunodeficiency virus (HIV) disease, a randomized, open-label study was conducted of 517 subjects with no or limited previous experience with antiretroviral therapy. Subjects received lamivudine plus zidovudine and indinavir (indinavir group), efavirenz plus indinavir (efavirenz + indinavir group), or nelfinavir plus indinavir (nelfinavir + indinavir group) and were monitored for 2.1 years. Virologic failure was lower in the efavirenz + indinavir group (
) and higher in the nelfinavir + indinavir group ( ), compared with that in the indinavir P p .04 P p .006 group. No difference in grade 3 or 4 adverse event rates in the efavirenz + indinavir group ( ) and a trend P p .97 toward an increased rate in the nelfinavir + indinavir group ( ), compared with the indinavir group, were P p .07 noted. A 4-drug regimen containing efavirenz plus indinavir resulted in a superior virologic response, whereas one containing nelfinavir plus indinavir resulted in an inferior response and a greater likelihood of toxicity.
Combination antiretroviral regimens containing human immunodeficiency virus (HIV) type 1 protease inhibitors (PIs) provide clinical benefits and can achieve long-term virus suppression with partial reconstitution of the immunologic perturbations associated with HIV counts (advanced HIV disease) can have blunted responses to 3-drug regimens [1, 3, 4] .
The optimal combination antiretroviral regimens for the treatment of advanced HIV disease have not been well defined. At the time of the design of this study, preliminary data suggested that regimens with 2 PIs might provide additional virological and pharmacological advantages in the treatment of HIV infection [5] . The mechanism of pharmacologic enhancement during dual-PI therapy has been attributed to the inhibition of cytochrome P450 activity in intestinal epithelium and hepatocytes, as well as via P-glycoprotein inhibition [6, 7] . Previous data have suggested that nelfinavir, through its competitive inhibition of CYP3A4 activity, might allow for indinavir to be given every 12 h at a reduced dose of 1000 mg, providing an enhanced regimen that would facilitate the administration of indinavir [8] . In addition, nonnucleoside reverse-transcriptase inhibitors (NNRTIs) were recognized to be potent inhibitors of HIV-1 replication, and initial studies suggested that NNRTIs could enhance the efficacy of antiretroviral regimens [9, 10] . On the basis of this information, we evaluated 2 different 4-drug regimens containing indinavir with either efavirenz or nelfinavir for the treatment of patients with advanced HIV disease.
SUBJECTS, MATERIALS, AND METHODS

Study design. Adult AIDS Clinical Trials Group (AACTG)
388 was a randomized, open-label study that compared 2 different 4-drug regimens of lamivudine, zidovudine, and indinavir with either efavirenz or nelfinavir with a standard 3-drug regimen of lamivudine, zidovudine, and indinavir. The planned study duration was 72 weeks, which was subsequently increased to 96 weeks beyond the enrollment of the last subject. Subjects were recruited from 44 Adult AIDS Clinical Trials Unit sites in the United States and Italy. Institutional review boards or ethical committees at the participating institutions approved the study, and all subjects provided written informed consent.
The randomization used a permuted block design and was stratified according to CD4 cell count (р50 cells/mm 3 vs. 150 cells/mm 3 ) and HIV-1 RNA level (р40,000 copies/mL vs.
140,000 copies/mL) at screening, as well as previous antiretroviral experience (no therapy vs. limited therapy). Randomization was performed using an AACTG centralized-computer system, which required site personnel to enter subjects' eligibility data to receive a treatment assignment.
Study population. Eligible subjects had a CD4 cell count р200 cells/mm 3 or a plasma HIV-1 RNA level у80,000 copies/ mL at screening and no or limited prior antiretroviral therapy. Prior antiretroviral therapy was restricted to nucleoside reversetranscriptase inhibitors (NRTIs) zidovudine, stavudine, didanosine, and zalcitabine. Additional enrollment criteria included a hemoglobin level у9.1 g/dL for men or у8.9 g/dL for women, a neutrophil count у850 cells/mm 3 , a platelet count у65,000 platelets/mm 3 , a serum amylase level р1.5 times the upper limit of normal, and hepatic aminotransferase levels р5 times the upper limit of normal. Patients were ineligible if they were pregnant or breast-feeding.
Study treatment. Subjects received 1 of 3 treatment regimens given orally: lamivudine (150 mg) and zidovudine (300 mg) as a fixed dose combination tablet (Combivir; GlaxoSmithKline) 2 times daily and indinavir (800 mg) 3 times daily (indinavir group); or Combivir 2 times daily, indinavir (1000 mg) 3 times daily, and efavirenz (600 mg) once daily (efavirenz + indinavir group); or Combivir 2 times daily, indinavir (1000 mg) 2 times daily and nelfinavir (1250 mg) 2 times daily (nelfinavir + indinavir group). Because efavirenz has been shown to induce CYP4503A activity, a higher dose of indinavir (1000 mg every 8 h) was used [8, 11] . The substitution of stavudine for zidovudine was permitted in the event of drug-associated toxicity. A protocol modification in February 1999 increased the dose of indinavir to 1200 mg 2 times daily when coadministered with nelfinavir because of new pharmacokinetic and safety data with the 1200-mg dose [12] . Subjects who had virologic failure were offered the option of alternative therapy based on antiretroviral phenotypic susceptibility of their virus at the time of virologic failure.
Outcome measurements. The primary outcome measurements were antiretroviral activity, safety, and tolerability of the 2 different 4-drug regimens, compared with the 3-drug regimen. Antiretroviral activity was defined as the time to virologic failure. Virologic failure was defined as a confirmed increase in HIV-1 RNA level greater than baseline values or 1.0-log greater than the nadir values during the first 24 weeks of study treatment, an HIV-1 RNA level 1200 copies/mL at week 24, or virologic relapse (2 consecutive HIV-1 levels у200 copies/mL after 2 consecutive HIV-1 RNA levels !200 copies/mL).
Secondary outcome measurements included changes in CD4 cell counts, the proportion of patients who had HIV-1 RNA levels !200 copies/mL or !50 copies/mL over time, and the time to treatment failure (defined as the development of virologic failure, an AIDS-defining event or death, whichever occurred first).
Study procedures. Clinical assessments, HIV-1 RNA measurements, CD4 cell counts, and routine laboratory tests were performed before study entry, at the time of study entry, at weeks 4 and 8, and every 8 weeks thereafter. HIV-1 RNA levels were measured by use of an ultrasensitive assay (Roche Diagnostic Systems), with a lower limit of detection of 50 copies/mL [13] .
Study medication adherence was evaluated in 282 subjects as part of an adherence intervention substudy [14] . Adherence was assessed with a standardized adherence questionnaire during study treatment and at the time of confirmed virologic failure.
Eight-and 12-h indinavir and 12-h nelfinavir intensive pharmacokinetic studies were conducted in a subset of subjects in the indinavir group ( ) and the nelfinavir + indinavir n p 8 group ( ). After the indinavir dose increase in the neln p 10 finavir + indinavir group, intensive pharmacokinetic studies were repeated in an additional group of subjects ( ). Inn p 7 tensive pharmacokinetic studies of the efavirenz + indinavir group were not included, because this interaction has been well described elsewhere [15] . Indinavir and nelfinavir concentrations were measured by high-performance liquid chromatography, with a lower limit of quantification of 10 and 200 ng/ mL, respectively. Individual plasma samples were collected for efavirenz, indinavir, and nelfinavir population pharmacokinetic studies at weeks 16, 24, and 48. The analytical methods for these assays have been described elsewhere [16, 17] .
Viral phenotype and viral genotype analyses were done at the time of virologic failure. Genotypic resistance testing was performed in 3 AACTG laboratories by use of the Applied Biosystems HIV-1 Genotyping System (version 1.0; Applied Biosystems) [18] . Mutations in the HIV-1 reverse-transcriptase and protease regions associated with antiretroviral resistance were defined according to the 2001 International AIDS Society-USA Update on Drug Resistance Mutations in HIV-1 [19] . Phenotypic resistance testing was done by use of a commercial recombinant virus assay (PhenoSense; ViroLogic) [20] . Phenotypic resistance was defined as an IC 50 у3-fold higher than that of a susceptible reference strain.
Interim analyses. A data and safety monitoring board reviewed the study on 2 separate occasions, according to the Lan and DeMets spending function with O'Brien-Fleming boundaries for efficacy comparisons [21, 22] .
Statistical analyses. ACTG 388 was designed to have 90% power to detect a 30% reduction in the intent-to-treat rate of virologic failure for each 4-drug regimen, compared with the 3-drug regimen, over an expected median follow-up of 108 weeks in 2 pairwise 2-sided hypothesis tests at an 0.025 level, to give an overall nominal level of significance of . P p .05 The primary measure of antiretroviral drug activity was the time to virologic failure. The time-to-event distributions were estimated by use of the Kaplan-Meier method and were compared with log-rank tests and proportional-hazards models stratified by screening CD4 cell count and HIV-1 RNA level, as well as previous antiretroviral experience. HIV-1 RNA data also were analyzed longitudinally, according to the proportions of subjects with HIV-1 RNA levels !200 copies/mL or !50 copies/mL, and were compared at weeks 24, 48, and 96 by use of the x 2 test. Sensitivity analyses combining virologic outcome and treatment status and as-treated analyses also were performed. Because the results of these analyses were consistent with those of the primary analyses, they are not presented.
Changes in CD4 cell counts from baseline to weeks 24, 48, and 96 were compared by the Wilcoxon rank sum test.
In the analyses of adverse events (signs, symptoms, or laboratory abnormalities), the follow-up data were censored at the time of study discontinuation or 56 days after permanent treatment discontinuation and were restricted to subjects for whom the study treatment was dispensed. Adverse events were graded according to the rating scale of the AACTG [23] .
Efficacy outcomes were analyzed on an intent-to-treat basis that included all available follow-up data (excluding 1 patient who did not meet study eligibility and discontinued the study after 34 days). Subjects who discontinued from the study before a virologic end point were considered as "censored" at the time of their last HIV-1 RNA evaluation. All failure and censoring times were grouped according to the study week of measurement. Because of a lack of assurance that early failure defined an inferior response to failure to respond by week 24, all events and censoring times before week 24 were assigned a failure time at week 24. Missing data were assumed to be noninformative; sensitivity analyses (data not shown) were performed to assess this assumption. Pairwise comparisons of each of the 4-drug regimens with the 3-drug regimen are presented; no comparisons between each of the 4-drug regimens were performed. Post hoc global x 2 test was used to assess the evidence against the null hypothesis that the occurrence of specific adverse events was the same in the 3 treatment groups. All P values are 2-sided.
Descriptive methods were used to summarize observed resistance data in subjects with virologic failure. Pairwise x 2 or Fisher's exact test was used to compare resistance patterns between the 3-drug group and the efavirenz + indinavir and nelfinavir + indinavir groups. All P values are 2-sided.
Nonadherence was defined as taking !95% of study medication doses during a 4-day interval before study visits. Predictors of nonadherence over time were assessed by use of a generalized estimating equations logistic regression analysis, with an autoregressive order-1 working correlation structure [24] . Nonadherence as a predictor of virologic failure was assessed by use of the Cox proportional hazards model [25] , with a time-dependent covariate for recent nonadherence.
RESULTS
Enrollment and characteristics of the subjects. There were 517 subjects randomly assigned to study treatment between 8 June 1998 and 8 January 1999. Of the 517 subjects, 168 were assigned to the indinavir group, 173 to the efavirenz + indinavir group, and 176 to the nelfinavir + indinavir group (figure 1). The 3 treatment groups had similar baseline characteristics (table 1) . The study population was primarily naive to antiretroviral therapy (90%).
Duration of follow-up and treatment status. The median duration of follow-up was 108 weeks. Thirteen subjects (2%) died. Of the remaining 504 subjects, 110 (22%) discontinued from the study. There were no significant differences in the rate of study discontinuation by treatment group ( [in-P p .41 dinavir group vs. efavirenz + indinavir group];
[in-P p .38 dinavir group vs. nelfinavir + indinavir group]). Of those who discontinued, 66 (60%) discontinued before a primary study end point (virologic failure), which provided a rate of study discontinuation before virologic failure of 13%.
Four subjects did not receive randomized treatment. Of the remaining 513 subjects, 207 (40%) discontinued the study treatment. There was a trend toward a lower treatment discontinuation rate for the efavirenz + indinavir group ( ) than the P p .07 indinavir group, and no significant difference was observed between the nelfinavir + indinavir group and the indinavir group ( ). One hundred twenty-seven (25%) discontinued study P p .25 treatment before developing virologic failure.
Of the 207 subjects who discontinued treatment, 50 subjects (24%) discontinued because of protocol-defined events, and 1 patient was withdrawn because of ineligibility. The remaining 156 discontinuations (75%) were initiated by subjects; for the majority of these discontinuations, the reasons given included nonprotocol-defined, drug-associated toxicities or the number or timing of study medications.
Virologic failure study end points. One hundred seventytwo (33%) of 516 subjects developed virologic failure. Of these subjects, 3 had HIV-1 RNA levels increase above baseline values, 32 had increases of 1.0 log above nadir values, 56 failed to achieve an HIV-1 RNA level !200 copies/mL by week 24, and 81 had virologic relapse. Among those who had virologic failure, 52 were in the indinavir group, 39 in the efavirenz + indinavir group, and 81 in the nelfinavir + indinavir group.
A lower rate of virologic failure was seen in the efavirenz + indinavir group, compared with the indinavir group (P p ; estimated hazard ratio [HR], 0.65; 95% confidence interval .04
[CI], 0.42-0.99). In contrast, a higher rate of virologic failure was seen in the nelfinavir + indinavir group, compared with the indinavir group ( ; estimated HR, 1.64; 95% CI, P p .006 1.15-2.33) ( figure 2) .
Virologic responses. Three hundred seventy-one (72%) of 516 subjects had a confirmed virologic response (HIV-1 RNA level !200 copies/mL) by week 24. A longer time to a confirmed virologic response was seen in the nelfinavir + indinavir group, compared with the indinavir group ( ). Among subjects P p .006 with a confirmed virologic response, there was a lower rate of relapse in the efavirenz + indinavir group, compared with the indinavir group ( ; estimated HR, 0.45; 95% CI, 0.25-P p .009 0.84).
Genotypic resistance at virologic failure.
Genotypic resistance data were obtained from 69 of 136 subjects who were receiving treatment at the time of virologic failure (15 in the indinavir group, 13 in the efavirenz + indinavir group, and 41 in the indinavir + nelfinavir group). Genotypic results were not obtained from 67 subjects because of failure of HIV-1 sequence amplification, thawed samples, or no available specimen.
HIV-1 with mutations at position 184 (M184V or M184I) were found in 35 subjects, including 12 subjects in the indinavir group, 5 in the efavirenz + indinavir group ( , Fisher's P p .03 exact test), and 18 in the nelfinavir + indinavir group (P p , Fisher's exact test). HIV-1 reverse-transcriptase mutations .02 at positions 103 and/or 188 (associated with resistance to efavirenz) were found in 10 subjects, all of whom were in the efavirenz + indinavir group. In 5 of these 10 subjects, the efavirenz-resistant virus also was resistant to lamivudine (4 subjects) or zidovudine (1 subject). Major (primary) protease resistance mutations were not seen. Analysis of protease sequences at treatment failure showed minor (secondary) resistance mutations, many of which were present at baseline.
Disease progression and treatment failure. Fifty-two subjects had a total of 59 AIDS-defining diagnoses, and 13 subjects died. The rates of these events were similar across the treatment groups. The incidence of AIDS-defining events was 5.7 cases/ 100 person-years of follow-up (95% CI, 4.35-7.49). The incidence of AIDS or death was 6.9 cases/100 person-years of follow-up (95% CI, 5.11-8.48).
The causes of death included end-stage HIV disease (n p ), lymphoma ( ), and Pneumocystis carinii pneumonia, 3 n p 2 sepsis, disseminated varicella zoster, Kaposi sarcoma, progressive multifocal leukoencephalopathy, bacterial pneumonia, or cerebral aneurysm ( ). The cause of death was not known n p 8 for 1 subject.
Compared with the indinavir group, a lower rate of treatment failure was seen in the efavirenz + indinavir group ( ), as P p .02 well as a trend toward a higher rate in the nelfinavir + indinavir group ( ) ( figure 3 ). P p .06 CD4 cell count response. There were consistent increases in mean CD4 cell counts during the study period in all 3 treatment groups. No significant differences were seen in the changes from baseline to weeks 24, 48, and 96 among the treatment groups ( , for all comparisons). The mean in-P 1 .4 crease in CD4 cell counts at week 96 was 250 cells/mm 3 (indinavir group), 265 cells/mm 3 (efavirenz + indinavir group), and 257 cells/mm 3 (nelfinavir + indinavir group). Adverse events. There was no significant difference in the time to development of the first grade 3 (severe) or grade 4 (lifethreatening) adverse events between the efavirenz + indinavir group and the indinavir group ( ) and a suggestion of an P p .97 increased rate of adverse events in the nelfinavir + indinavir group, compared with the indinavir group ( ) (figure 4). P p .07 A total of 35 subjects (21%) in the indinavir group developed grade 3 or 4 signs or symptoms, compared with 41 (24%) in the efavirenz + indinavir group ( ) and with 50 (28%) P p .49 in the nelfinavir + indinavir group ( ). The most fre-P p .12 quent grade 3 or 4 signs or symptoms reported were aches or pains, fatigue, or gastrointestinal complaints (nausea, vomiting, and diarrhea; table 2).
A total of 57 subjects (34%) in the indinavir group developed grade 3 or 4 laboratory abnormalities, compared with 58 subjects (34%) in the efavirenz + indinavir group ( ) and with 63 P p .87 (36%) subjects in the nelfinavir + indinavir group ( ). P p .80 Grade 3 or 4 elevation in serum bilirubin levels occurred more frequently in the indinavir and nelfinavir + indinavir groups (global ). Forty-one subjects developed grade 3 or 4 neu-P ! .001 tropenia; 21 were in the nelfinavir + indinavir group (global ). P p .05
Nephrolithiasis occurred more frequently among subjects in the indinavir group (global ). Peripheral neuropathy P ! .001 occurred in 12 subjects (6 of whom were receiving stavudine), and 4 subjects distributed across the 3 treatment groups developed Steven Johnson syndrome.
Seventy-two subjects (14%) had stavudine substituted for zidovudine, and for the majority of these subjects, the reason was drug-associated hematological toxicity. Of these 72 subjects, 22 (13%) were in the indinavir group, 20 (12%) in the efavirenz + indinavir group, and 30 (17%) in the nelfinavir + indinavir group.
Pharmacologic studies. Eight-hour pharmacokinetic studies for the indinavir group (800 mg every 8 h) in 8 subjects demonstrated that ranges in indinavir concentrations for time zero (predose) were !10-949 ng/mL; C max , 3379-19,786 ng/mL; and C min , !10-506 ng/dL.
Twelve-hour pharmacokinetic studies for the nelfinavir + indinavir group (1000 mg every 12 h) in 10 subjects demonstrated that ranges in indinavir concentrations for time zero were !10-3740 ng/mL; C max , 3379-18,210 ng/mL; and C min , !10-4236 ng/mL. Overall, 5 of 10 subjects in this group had undetectable indinavir concentrations at 12 h, compared with 1 of 8 subjects in the indinavir group. Ranges in nelfinavir concentrations for time zero were !200-4610 ng/mL; C max , 2437-9336 ng/mL; and C min , 155-6262 ng/mL. After the indinavir dose increase (1200 mg every 12 h), ranges in indinavir concentrations in 7 subjects for time zero were 58-5215 ng/mL; C max , 6154-16,658 ng/mL; and C min , !10-1684 ng/mL. Ranges in nelfinavir concentrations for time zero were 611-8307 ng/mL; C max , 1869-9973 ng/mL; and C min , !200-4270 ng/mL. Overall, nelfinavir showed a relatively flat concentration profile in 4 subjects and concentration values 11500 ng/mL at the end of the observed dosing interval in 5 subjects, when coadministered with indinavir at either dose.
The single-point efavirenz plasma concentrations obtained at week 24 were representative of the efavirenz concentrations at other weeks. Because each point represented a different subject, the data indicate that efavirenz concentrations were sustained throughout the 24-h dosing interval.
Adherence assessment. A total of 282 (54%) subjects were enrolled in the adherence substudy. No difference was noted in baseline characteristics between the main study and substudy populations. At week 24, 20%, 22%, and 26% of subjects reported nonadherence in the indinavir, efavirenz + indinavir, and nelfinavir + indinavir groups respectively; at week 48, these proportions were 17%, 18%, and 32%, respectively. In repeated measurement analysis, subjects in the nelfinavir + indinavir group were more likely to report nonadherence, compared with the indinavir group ( ; odds ratio, 2.13; 95% CI, P p .008 1.22-3.72). In survival models, nonadherence also was associated with an increased risk of virologic failure ( ; HR, P p .002 12.37; 95% CI, 1.38-4.08).
DISCUSSION
This study demonstrated that, in subjects with advanced HIV disease, treatment with a 4-drug regimen of efavirenz, indinavir, lamivudine, and zidovudine provided long-term virologic benefit, compared with a standard 3-drug regimen containing indinavir. A prolonged period of virus suppression characterized this superior response which resulted in a significant decrease in the risk for viral rebound. This advantage occurred without adverse implications for toxicity or tolerability. A possible contributing factor to this observed virologic benefit is the sustained efavirenz plasma concentrations during long-term dosing. In treatment-naive subjects, the efavirenz inhibitory quotient (trough/IC 50 ) is high and sustained throughout the dosing interval, which may be beneficial when efavirenz is combined with a "nonboosted" PI, such as indinavir.
In contrast, the 4-drug regimen with nelfinavir, indinavir, lamivudine, and zidovudine did not provide additional virologic benefit, compared with the 3-drug regimen. An inferior short-term virologic response was observed, which was accompanied by a trend toward a greater likelihood of serious drugassociated toxicity. This observation may be partially attributed to a pharmacologic factor, because the anticipated elevation in indinavir plasma concentrations may not have been realized during combination with nelfinavir. The higher rate of serious adverse events was characterized by primarily grade 3 or 4 gastrointestinal complaints of nausea, vomiting, and diarrhea, and neutropenia and may have resulted in decreased exposure to the treatment regimen.
Despite the open-label nature of the study, the objective virologic end points on which these conclusions are based make the primary study end point less susceptible to study subject and investigator bias. All the virologic efficacy results were robust to adjustment by baseline characteristics. There was no evidence of interactions between treatment and sex or race.
The rate of study discontinuation before the primary study end point of virologic failure was 13%. The overall rate of treatment discontinuation was high (40%), with a treatment discontinuation rate before virologic failure of 24%. Sensitivity analyses (data not shown) that considered composite end points combining treatment discontinuation and virologic outcomes confirmed that the higher rates of premature treatment discontinuation did not alter the conclusions of the study. In addition, similar results were seen with the as-treated analyses.
No unexpected drug-associated adverse events were noted. A significantly higher rate of nephrolithiasis and grade 3 and 4 elevation in serum bilirubin were noted for the 3-drug regimen. These findings suggest a decreased overall drug exposure to indinavir for both 4-drug regimens, which possibly contributed to pharmacologic mechanisms, as described above.
The higher rate of adverse events observed in the nelfinavir + indinavir group may have contributed to the inferior response seen with this regimen. Similar findings have been noted in other studies evaluating 4-drug regimens [26] . Analysis of an adherence substudy showed worse study medication adherence for the nelfinavir + indinavir group, which was associated with virologic failure. Because subjects received combination therapy with lamivudine, zidovudine, and nelfinavir at recommended doses in addition to indinavir, we a priori expected a virologic effect similar to that of the 3-drug regimen. The inferior virologic response seen in the nelfinavir + indinavir group probably was related to multiple factors, including a higher adverse event rate, worse study medication adherence, and an overall inability to tolerate and maintain the regimen. In addition, trough nelfinavir plasma concentrations may not have been sustained over time, further impacting the potential efficacy.
The pharmacokinetic data from this study and another study of nelfinavir + indinavir regimens [17] have more clearly defined the pharmacokinetic interaction potential between these PIs. Although nelfinavir is a substrate for CYP4503A and can result in significant drug-drug interactions, additional isoforms involved in nelfinavir metabolism have been identified (e.g., CYP 2C9 and CYP4502C19) [27, 28] . These additional metabolic pathways may explain the variable pharmacologic results observed when these 2 PIs are taken together.
We chose PI-based regimens for this study, to provide a high genetic barrier to the development of viral resistance in the setting of advanced HIV disease. A 3-drug regimen with efavirenz was not chosen because of the unavailability of data about its effectiveness in advanced HIV disease when the study was designed, as well as the potential risk for the emergence of viral resistance with NNRTIs [29, 30] . To address concerns about potential multidrug resistance during the study, HIV-1 RNA levels were closely monitored. Subjects who had virologic failure were promptly offered the option of alternative therapy based on antiretroviral phenotypic susceptibility of their virus at the time of confirmed failure. Recent studies whose designs allowed for early recognition of virologic failure have shown limited viral resistance in the setting of virologic failure, despite potent antiretroviral regimens [31] [32] [33] [34] . Because of the early recognition of virologic failure in this study, breakthrough viruses were not anticipated to have resistance to all drugs in the 4-drug regimens. In fact, resistance studies in subjects with virologic failure found limited viral resistance, with lamivudine resistance being the most common finding across all treatment groups [35] . Dual resistance to la-mivudine and efavirenz was infrequent and major (primary) protease resistance was not seen.
Since the design of this study, other strategies to enhance the potency of combination antiretroviral therapy have been evaluated. Such strategies include the pharmacological use of low doses of the HIV-1 PI ritonavir to boost the drug exposure of a second HIV-1 PI, such as indinavir or lopinavir [36] [37] . At the time of design of this study, the equivalence of efavirenz and PI regimens as part of 3-drug regimens had not been demonstrated and was not studied as part of AACTG 388 [38] . Therefore, we cannot comment on the potential utility of a standard 3-drug regimen using efavirenz in advanced HIV disease. Switching to alternative potent regimens after prolonged periods of virus suppression has been shown to result in persistent virologic suppression [39, 40] . The strategy of switching to simplified potent regimens after successful long-term viral suppression in the setting of advanced HIV disease currently is under investigation in a follow-up study.
This study highlights the continued need for improved antiretroviral regimens for the treatment of HIV infection and the need for long-term studies, because the relative merits and toxicities of the studied regimens would not have been appreciated in a short-term study. The study further emphasizes the benefit of an efavirenz-based regimen as a strategy for increasing the potency of a regimen. In contrast, the strategy of a dual-PI-based regimen with nelfinavir and indinavir was found not to be useful. The study also highlights the need to explore alternative strategies and emphasizes the need to balance the potency of regimens with their side effects. On the basis of these findings, more potent, but simplified, regimens should and are being explored.
AIDS CLINICAL TRIALS GROUP 388 STUDY
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